Abstract. We present a working concept for Phase III of the Project 8 experiment, aiming to achieve a neutrino mass sensitivity of 2 eV (90 % C.L.) using a large volume of molecular tritium and a phased antenna array. The detection system is discussed in detail.
Project 8 and Cyclotron Radiation Emission Spectroscopy
The Project 8 Collaboration is taking a four-phase approach to implement a next-generation tritium endpoint experiment to measure the neutrino mass. Based on the technique of Cyclotron Radiation Emission Spectroscopy (CRES) [1] , we construct an energy spectrum from the cyclotron frequencies of magnetically trapped electrons. Phase I, now completed, has shown the feasibility of this technique using 83m Kr [2] . Phase II, which uses a cylindrical waveguide and a cell compatible with tritium, is underway. By increasing the volume by more than one order of magnitude, Phase III targets a neutrino mass sensitivity comparable to current limits from the Mainz and Troitsk experiments [3, 4] : m β ≤ 2 eV [5] . Using an atomic tritium source and a even larger fiducial volume, Phase IV aims at a 40-meV sensitvity to the neutrino mass.
Phased Array of Antennas
One can achieve Phase III sensitivity after one year of data taking with a 200 cm 3 volume of tritium gas at a density of 3 × 10 12 molecules per cm 3 and a trapping efficiency of 5 %. In such an increased volume, the cyclotron radiation of beta decay electrons is essentially emitted into free space. The radiation can be collected using a ring-shaped array of antennas. Figure 1 shows an 8 cm radius ring array of 48 antennas. By appropriately phasing the antennas, one can focus the signal detection to a 1 mm diameter region of the detector. A focused array can efficiently collect the power of a coherent signal while rejecting the incoherent noise. Figure 2 presents the expected SNR as a function of the array radius and the number of antenna elements in the array. One 5-cm radius ring of 30 elements can provide a 10-dB SNR, which is sufficient for triggering purposes.
If the number of elements in a ring is not sufficient, grating lobes appear. Figure 1 shows Figure 3 . Schematic of the DAQ system for Phase III (see text for details). The w i represent the digital phase shifting and the Σ the summation.
the gain pattern for a 48-element ring and for a 16-element ring. For the 16-element ring, the focusing point is not unique, and one cannot determine the exact position of a detected electron. If the position of the detected electron and thus the magnetic field experienced by this electron are not known precisely, systematic uncertainties will be induced when converting the measured frequency into an electron energy. In order to increase the instrumented volume, we propose to use two 5-cm radius rings of 30 elements each, separated by 4-5 cm which can provide a 10-dB SNR. In this configuration the number of grating lobes is reduced.
Digital Beam Forming
Due to the small size of the focusing point, the antennas cannot have a fixed focus. Instead the Project 8 experiment will use a digital beam forming, similar to the procedure used by radio telescope arrays, in order to achieve a reduction of the number of channels that record the signal. Figure 3 presents the DAQ system for Phase III. The signal is continuously measured by each antenna of the two-ring array. Each antenna has a receiver that amplifies the signal via a 30-K low-noise amplifier and down-mixes the 26 GHz signal. Each signal is then digitalized using a ROACH2 DAQ system. The 60 signals are sent to a GPU computing server which will handle the digital phase shifting and the channel summation. Detection of excess power in recombined signal is used for triggering, and the summed signal is recorded for event reconstruction on a computing cluster.
